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Description 

FIELD OF INDUSTRIAL UTILIZATION 

5 [0001] The present invention relates to a crossllnked gelatin gel preparation containing a basic fibroblast growth 
factor (to be abbreviated as "bFGF" hereinafter). 

PRIOR ART 

io [0002] In 1 974, bFGF was found In bovine pituitary gland by Gospodarowicz as a protein which highly stimulates 
the proliferation of fibroblast (Nature, Vol. 24, page 124, 1974). Then, bFGF-coding genes have been cloned so that 
bFGF can be produced in large quantities by genetic recombination technologies, and bFGF has been therefore en- 
ergetically studied. As a result, it has been revealed that bFGF simulates the proliferation of a variety of cells such as 
capillary endothelial cells, blood vessel smooth muscle cells, cornea endotherial cells, osteoblast and chondrocyte as 

is well as the proliferation of fibroblast 

[0003] Like other polypeptides and proteins, however, bFGF has a short in vivo half-life, and fails to provide an effect 
as expected when administered as an aqueous solution. It is therefore desirable to formulate bFGF as a sustained 
release preparation which can stabilize bFGF and can gradually release bFGF for a definite period of time. The present 
inventors have been therefore engaged in the development of sustained release carriers for formulating bFGF as a 

20 sustained release preparation. 

[0004] In recent years, sustained release preparations of physiologically active peptides and proteins are extensively 
studied, and as sustained release carriers therefor, there are synthetic polymers that can undergo degradation by a 
living body, such as pofyglycolic acid, lactic acid and polyanhydride, and natural polymers that can undergo in vivo 
degradation and absorption, such as polysaccharides and proteins. 

25 

PROBLEMS TO BE SOLVED BY THE INVENTION 

[0005] The natural polymers that can undergo in vivo degradation and absorption have excellent suitability to a living 
body and cause almost no stimulation to a Irving body so that they are preferred as sustained release carriers. Since, 
so however, most of these natural polymers are water-soluble, they are not suitable as a sustained release insolubilizing 
carrier for bFGF which is a water-soluble physiologically active peptide. 

[0006] The present inventors have therefore made studies for water-insolubilizing natural polymers that can undergo 
in vivo degradation and absorption, by some method in order to obtain some which can be used as a sustained release 
insoluble carrier for bFGF. 

35 [0007] As a result, it has been found that a crosslinked gelatin gel insolubilized in water by crosslinking a gelatin 
which is a natural polymer that can undergo in vivo degradation and absorption, is suitable as a sustained release 
carrier for bFGF, and the present invention has been accordingly completed. 

DISCLOSURE OF THE INVENTION 

40 ~~" ' 

[0008] That is, the gist of the present invention consists in a crosslinked gelatin gel preparation according to claim 
1 containing a basic fibroblast growth factor. 

[0009] The present invention characteristically provides a sustained release preparation of bFGF, wh ich can achieve 
a desired sustained release rate as required, on the basis of a crosslinked gelatin gel which has excellent suitability 
45 to a living body, causes almost no stimulation on a living body and has excellent properties as a sustained release 
carrier. The sustained release rate can be varied depending upon the crosslinking degree of a gelatin, the water content 
of the crosslinked gelatin and the properties of a used gelatin (isoelectric point, etc.). 

Brief Description of Drawings 

so 

[0010] Fig. 1 shows a time course of a hemoglobin amount around the tissue in the mouse subcutaneous adminis- 
tration of a bFGF aqueous solution (bFGF 100 pg). 

[001 1] Fig. 2 shows a time course of a hemoglobin amount in peripheral tissue in the mouse subcutaneous implan- 
tation of a crosslinked gelatin gel (water content 95.9 %) preparation (bFGF 100jig). 
55 [0012] Fig. 3 shows a time course of the residual weight of a crosslinked gelatin gel (water content 95.2%) preparation 
(bFGF 100 pg) subcutaneously implanted in a mouse. 

[001 3] Fig. 4 shows a relationship between the dose of bFGF and the hemoglobin amount in a tissue in the periphery 
of an administration site. 
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[0014] Fig. 5 shows a relationship between the hemoglobin amount in a tissue in the periphery of an implanted site 
and the water content of a crosstinked gelatin gel on the 7th day after subcutaneous implantation of a crosslinked 
gelatin gel preparation (bFGF 100 u.g) in a mouse. 

[0015] Fig. 6 shows relationship between the hemoglobin amount in a tissue in the periphery of an implanted site 
5 and the water content of a crosslinked gelatin gel on the 14th day after subcutaneous implantation of a crosslinked 
gelatin gel preparation (bFGF 1 00 ng) in a mouse. 

[0016] Fig. 7 shows time courses of residual amounts of crosslinked gelatin gel preparations (bFGF 100 u.g) with 
different water contents, after mouse subcutaneous implantation. 

[0017] Fig. 8 shows a relationship between granulation tissue formation and the water content of a gel on the 7th 
10 day after the subcutaneous implantation of crosslinked gelatin gel preparations (bFGF 100 u.g) in a mouse. 

PREFERRED EMBODIMENTS OF THE INVENTION 

[0018] The present invention will be explained in detail hereinafter. 

15 [001 9] The crosslinked gelatin gel preparation of the present invention is obtained by incorporating bFGF as an active 
ingredient into a sustained release crosslinked gelatin gel. The gelatin as a raw material for the crosslinked gelatin gel 
used in the present invention is not specially limited, and can be selected from generally available ones. Examples of 
the gelatin include alkali-treated gelatin having an isoelectric point of 4.9 (supplied by Nitta Gelatin Inc.) and acid- 
treated gelatin having an Isoelectric point of 9.0 (supplied by Nitta Gelatin Inc.). As a gelatin, not only one kind of gelatin 

20 may be used, but a mixture of gelatins different in physical properties such as solubility, molecular weight, isoelectric 
point and material may be used. 

[0020] The crosslinking agent for crosslinking the gelatin, used in the present invention, can be selected from those 
which are free of toxicity to a living body. For example, it is preferably selected from glutaraldehyde, water-soluble 
carbodiimides such as 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride and 1 -cyclohexyl-3-(2-morpholi- 

25 noethyl)carbodiimide-metho-p-toluenesulfonate t a bisepoxy compound and formalin. Glutaraldehyde and 1 -ethyl-3- 
(3-dimethylaminopropyl)carbodiimide hydrochloride are particularly preferred. 
[0021] Further, the gelatin can be crosslinked by heat treatment or irradiation with ultraviolet light. 
[0022] Although not specially limited in form, the crosslinked gelatin gel as a sustained release carrier used in the 
present invention has the form, for example, of a cylinder, a prism, a sheet, a disk, spheres or particles. The crosslinked 

30 gelatin gel in the form of a cylinder, a prism, a sheet or a disk is generally used for implantation in many cases, and 
the crosslinked gelatin gel in the form of spheres or particles may be used for the administration by injection as well. 
[0023] The crosslinked gelatin gel in the form of a cylinder, a prism, a sheet or a disk can be prepared by adding an 
aqueous solution of the crosslinking agent to a gelatin aqueous solution, or adding the gelatin to an aqueous solution 
of the crosslinking agent, casting the resultant mixture into a mold having a desired form, and allowing the mixture to 

35 react in a crosslinking reaction. Otherwise, and an aqueous solution of the crosslinking agent may be added to gelatin 
gel obtained by shaping a gelatin as it Is or after it Is dried. The crosslinking reaction Is terminated by bringing the 
reaction product into contact with a low-molecular-weight substance having an amino group such as ethanolamine or 
glycine, or by adding an aqueous solution having a pH of 2.5 or less. The so-obtained crosslinked gelatin gel is washed 
with distilled water, ethanol, 2-propanol (to be referred to as "IPA W hereinafter) or acetone, and used for preparing the 

40 preparation. 

[0024] The above-obtained crosslinked gelatin gel has a water content of 50 to 99 w/w% (to be simply denoted by 
% hereinafter). This water content of a gel shows a ratio of the weight a water content in the gel based on the total gel 
weight when the gel is wet. 

[0025] The crosslinked gelatin gel in the form of spheres or particles can be prepared, for example, by either placing 
45 an aqueous solution of the gelatin in an apparatus formed of a three-necked flask, a fixed stirrer motor (e.g., three one 
motor supplied by Shinto Scientific Co., Ltd., EYELA mini D.C. stirrer, or the like) and a stirring propeller of Teflon 
attached thereto, adding an oil such as olive oil and stirring the mixture at a rate of about 200 to 600 rpm to prepare a 
W/O emulsion, adding an aqueous solution of the crosslinking agent, or pre-homogenizing a gelatin aqueous solution 
in an olive oil (e.g., with a vortex mixer Advantec TME-21, a homogenizer porytron PT10-35, or the like), dropwise 
so adding the resultant product in an olive oil to prepare a finely milled W/O emulsion and adding an aqueous solution of 
the crosslinking agent, to cause a crosslinking reaction, centrifugally recovering a crosslinked gelatin gel, washing it 
with acetone or ethyl acetate or the like, and further, immersing the washed crosslinked gelatin gel in I PA ethanol, or 
the like to terminate the crosslinking reaction. The so-obtained crosslinked gelatin gel is consecutively washed with 
I PA, distilled water containing Tween 80 and distilled water, and used for preparing the preparation. 
55 [0026] When the crosslinked gelatin gel particles form aggregates, for example, they may be ultrasonically irradiated 
(preferably approximately for up to 1 minute with cooling). 

[0027] In addition, when the pre-emulsification is carried out, there is obtained a crosslinked gelatin gel in the form 
of fine particles having a particle size of 20 u.m or less. 
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[0028] The obtained crosslinked gelatin gel particles have an average particle diameter of 1 to 1 ,000 ujti, and are 
sieved out to necessary sizes as required depending upon purposes. For example, for the topical administration for 
the therapy of the fracture of a human bone and osteoporosis, it is preferred to use crosslinked gelatin gel particles 
having a size of 10 to 150 urn. Further, the obtained crosslinked gelatin gel has a water content of approximately 50 

s to 93 %, and can be prepared as products having water contents as required. 

[0029] The crosslinked gelatin gel in the form of spheres or particles is also produced by other method as below. An 
olive oil is placed in an apparatus similar to that in the above method and stirred at a rate of approximately 200 to 600 
rpm, and a gelatin aqueous solution is dropwise added thereto to prepare a W/O emulsion. This W/O emulsion is 
cooled, then acetone, ethyl acetate or the like is added, and the mixture is stirred and centrifugally separated to recover 

10 gelatin particles. The recovered gelatin particles are further washed with acetone or ethyl acetate and then with I PA, 
ethanol or the like, and then dried. The dry gelatin particles are suspended in a crosslinking agent aqueous solution 
containing 0.1 % Tween 80, and the mixture is moderately stirred to cause a crosslinking reaction. The crosslinking 
reaction is terminated by washing the reaction mixture with a 1 00 mM glycine aqueous solution containing 0.1 % Tween 
80 or with 0.004N HCl containing 0.1 % Tween 80 depending upon the crosslinking agent used, thereby to obtain 

15 crosslinked gelatin gel particles. 

[0030] The average particle diameter and the water content of the crosslinked gelatin gel particles obtained by this 
"other" method are similar to those of the crosslinked gelatin gel particles obtained by the above method. 
[0031] The conditions of the crosslinking reaction should be properly selected as required, while, preferably, the 
reaction temperature is 0 to 40°C, and the reaction time is 1 to 48 hours. 

20 [0032] The above- obtained crosslinked gelatin gel may be further dried under reduced pressure or lyophilized. 

[0033] The freeze-drying is carried out, for example, by placing the crosslinked gelatin gel in distilled water, freezing 
it in liquid nitrogen for at least 30 minutes or at -80*C for at least 1 hour, and then drying It with a freeze-dryer f or 1 to 
3 days. 

[0034] The concentrations of the gelatin and the crosslinking agent for the preparation of the crosslinked gelatin gel 
25 should be properly selected depending upon a desired water content, while, preferably, the gelatin concentration is 1 
to 1 00 w/v% (to be simply denoted by % hereinafter), and the crosslinking agent concentration is 0.01 to 1 00 w/v% (to 
be simply denoted by % hereinafter) (equivalent to 1 to 5,400 mM). 

[0035] The crosslinked gelatin gel can be arranged to have a desired water content by varying the concentrations 
of the gelatin as a raw material and the crosslinking agent. For increasing the water content, both the gelatin concen- 
30 tration and the crosslinking agent concentration are decreased. For decreasing the water content, conversely, both 
the gelatin concentration and the crosslinking agent concentration are increased. 

[0036] For incorporating bFGF into the above-prepared crosslinked gelatin gel, the crosslinked gelatin gel is impreg- 
nated with bFGF by dropwise adding a bFGF aqueous solution to the crosslinked gelatin gel, or by suspending the 
crosslinked gelatin gel in a bFGF aqueous solution to re-swell the crosslinked gelatin gel. 
35 [0037] The amount of bFGF which can be incorporated into the crosslinked gelatin gel differs depending upon the 
water content of the crosslinked gelatin gel, and the like, while bFGF can be incorporated in an amount of 0.1 to 500 
u,g per mg of the crosslinked gelatin gel. 

[0038] The sustained release period and the release amount of bFGF differ depending upon various conditions such 
as the amount of bFGF contained in the preparation, the water content of the crosslinked gelatin gel, physical properties 

40 of the gelatin used such as isoelectric point, an administration site, etc. 

[0039] The bFGF-containing crosslinked gelatin gel obtained in the above manner (to be referred to as "crosslinked 
gelatin gel preparation" hereinafter) may be lyophilized. When lyophilized, for example, it is frozen in liquid nitrogen 
for at least 30 minutes or at -80°C for at least 1 hour, and then dried with a freeze-dryer for 1 to 3 days. 
[0040] The bFGF used as an active ingredient in the crosslinked gelatin gel preparation of the present invention 

45 includes those extracted from organs such as pituitary gland, brain, retina, corpus lutenum, adrenal, kidney, placenta, 
prostate and thymus, those produced by genetic engineering methods such as recombination DNA technique, and 
those which are modified products of these and work as fibroblast growth factor. The modified product of bFGF Includes 
those obtained by adding amino acid(s) to the amino acid sequence of bFGF obtained by the above extraction or 
genetic engineering method, bFGF in which amino acid(s) is partly replaced with other amino acid(s), and bFGF in 

50 which amino acid(s) is lacking. In the present invention, these bFGFs or modified products may be used alone or in 
combination. 

[0041 ] Examples of the above bFG F preferably include those disclosed in WO87/01 728 (Japanese PCT Publication 
No. 63-500843), WO89/04832 (Japanese PCT Publication No. 2-504468), WO86/07595 (Japanese PCT Publication 
No. 63-500036), WO87/03885 (Japanese PCT Publication No. 63-501953), European Laid-open Patent Publication 
55 No. 237966 (JP-A-63-226287), European Laid-open Patent Publication No. 281 822 (JP-A-2-1 93), European Laid-open 
Patent Publication No. 326907 (J P-A -2-2 09894), European Laid-open Patent Publication No. 394851 (JP-A-3-61494) 
and European Laid-open Patent Publication No. 493737 (JP-A-5- 124975). 

[0042] Of the above bFGFs, a polypeptide having a sequence of 1 54 amino acids in the following SEQ ID No. 1 and 
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a polypeptide having a sequence of 153 amino acids in the following SEQ ID No. 2, produced by a genetic engineering 
method and disclosed in WO87/01728, are particularly preferred in view of stability and availability of a necessary 
amount on a constant basis. 

[0043] bFGF having the amino acid sequence shown in the SEQ ID No. 1 is obtained by preparing a cDNA clone of 
human bFGF from a Xg t 1 OcDNA library prepared from mRNA of human kidney using bovine 1 A kb basic sub-fragment, 
and constituting an expression vector to express the above clone, as is described in Japanese PCT Publication No. 
63-500843. 

SEQ ID No.:1 

Sequence characteristics: 

Sequence length: 154 amino acids 
Sequence type: amino acid 

Original source 

Organism: Homo sapiens 

Sequence 



Ala Ala Gly Ser He Thr Thr Leu Pro Ala Leu Pro Glu Asp Gly Gly 
15 10 15 

Ser Gly Ala Phe Pro Pro Gly His Phe Lys Asp Pro Lys Arg Leu Tyr 
20 25 30 

Cys Lys Asn Gly Gly Phe Phe Leu Arg lie His Pro Asp Gly Arg Val 
35 40 45 

Asp Gly Val Arg Glu Lys Ser Asp Pro His He Lys Leu Gin Leu Gin 
50 55 60 

Ala Glu Glu Arg Gly Val Val Ser He Lys Gly Val Cys Ala Asn t Arg 
65 70 75 80 

Tyr Leu Ala Met Lys Glu Asp Gly Arg Leu Leu Ala Ser Lys Cys Val 
85 90 95 

Thr Asp Glu Cys Phe Phe Phe Glu Arg Leu Glu Ser Asn Asn Tyr Asn 
100 105 110 

Thr Tyr Arg Ser Arg Lys Tyr Thr Ser Trp Tyr Yal Ala Leu Lys Arg 
* 115 120 125 

Thr Gly Gin Tyr Lys Leu Gly Ser Lys Thr Gly Pro Gly Gin Lys Ala 
130 135 140 

lie Leu Phe Leu Pro Met Ser Ala Lys Ser 
145 150 



SEQ ID No.:2 
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Sequence characteristics: 

Sequence length: 153 amino acids 
Sequence type: amino acid 

Original source 

Organism: Homo sapiens 
Sequence 



Ala Gly Ser He Thr Thr Leu Pro Ala Leu Pro Glu Asp Gly Gly Ser 
1-5 10 15 

Gly Ala Phe Pro Pro Gly His Phe Lys Asp Pro Lys Arg Leu Tyr Cys 
20 25 30 

Lys Asn Gly Gly Phe Phe Leu Arg He His Pro Asp Gly Arg Val Asp 
35 40 45 

Gly Val Arg Glu Lys Ser Asp Pro His He Lys Leu Gin Leu Gin Ala 
50 55 60 

Glu Glu Arg Gly Val Val Ser He Lys Gly Val Cys Ala Asn Arg Tyr 
65 70 75 80 

Leu Ala Met Lys Glu Asp Gly Arg Leu Leu Ala Ser Lys Cys Val Thr 
85 90 95 

Asp Glu Cys Phe Phe Phe Glu Arg Leu Glu Ser Asn Asn Tyr Asn Thr 
100. 105 110 

Tyr Arg Ser Arg Lys Tyr Thr Ser Trp Tyr Val Ala Leu Lys Arg Thr 
115 . 120 125 

Gly Gin Tyr Lys Leu Gly Ser Lys Thr Gly Pro Gly Gin Lys Ala lie 
130 135 140 

Leu Phe Leu Pro Met Ser Ala Lys Ser 
145 . 150 



EXAMPLES 

[0044] The present invention will be explained in detail hereinafter with reference to Examples and Test Examples, 
while the present invention shall not be limited to these Examples and Test Examples. 

(Example 1) 

[0045] An aqueous solution of 1-ethyl-3-(3-dimethylaminopropyl)carbodiimidehydrochloride (supplied by Dojindo 
Laboratories, to be abbreviated as WSC hereinafter) (2.0 %, equivalent to 1 07 mM) was added to 450 uf) of an aqueous 
solution of alkali-treated gelatin having an isoelectric point of 4.9 (supplied by Nitta Gelatin Inc.) (5.6 %), and the mixture 
was cast into a cylindrical mold having a diameter of 8 mm and maintained at 4°C for 24 hours to carry out a crosslinking 
reaction. After the reaction, the reaction mixture was treated in 0.004N HCI at 37°C for 1 hour, and the crosslinking 
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reaction was terminated. The so-obtained cross linked gelatin gel was washed with distilled water at 37°C for 12 hours. 
The water content of the gel was measured on the basis of a difference between the weight of the crosslinked gelatin 
gel after the swelling treatment in water at 37°C for 24 hours, and the weight of the gelatin gel before the swelling 
treatment, to show 95.9 %. The resultant cylindrical gel was cut into disks having a thickness of 2 mm, and dried. To 
s the dry gel was dropwise added 30 uJ of a 50 mM phosphate buffer solution (pH 6.0) containing 100 u.g of bFGF, and 
the resultant disks were allowed to stand at 4°C for a whole day and night, to give bFGF-containing crosslinked gelatin 
gel preparations in which the crosslinked gelatin gel was impregnated with 100 u.g of bFGF. 

(Example 2) 

10 

[0046] Crosslinked gelatin gel preparations containing bFGF were prepared in the same manner as in Example 1 
except that acid-treated gelatin having an isoelectric point of 9.0 (supplied by Nitta Gelatin Inc.) (5.6 %). The crosslinked 
gelatin gel had a water content of 95.2 %. 

15 (Example 3) 

[0047] Crosslinked gelatin gel preparations containing bFGF were prepared in the same manner as in Example 1 
except that the WSC concentration was changed to 8.0 % (equivalent to 428 mM). The crosslinked gelatin gel had a 
water content of 95.2 %. 

20 

(Example 4) 

[0048] Crosslinked gelatin gel preparations containing bFGF were prepared in the same manner as in Example 1 
except that the gelatin concentration was changed to 11 .1 % and that the WSC concentration was changed to 1 6.4 % 
25 (equivalent to 856 mM). The crosslinked gelatin gel had a water content of 92.1 %. 

(Example 5) 

[0049] A WSC aqueous solution having a concentration shown in Table 1 to be described later was added to an 
30 aqueous solution of alkali-treated gelatin having an isoelectric point of 4.9 (supplied by Nitta Gelatin Inc.) with a con- 
centration shown in the Table 1 , and then the mixture was cast into a cylindrical mold having a diameter of 8 mm and 
subjected to a crosslinking reaction at 4*C for 24 hours. After the reaction, the reaction mixture was treated in 0.004N 
HCI at 37°C and the crosslinking reaction was terminated. The so-obtained crosslinked gelatin gel was washed with 
distilled water at 37°C for 12 hours. The water content of the gel was measured on the basis of a difference between 
35 the weight of the crosslinked gelatin gel after the swelling treatment in water at 37 ft C for 24 hours, and the weight of 
the gelatin gel before the swelling treatment. Table 1 shows the water content of each of the so-obtained crosslinked 
gelatin gels. Each resultant cylindrical gel was cut into disks having a thickness of 2 mm, and dried. To the dry gel was 
dropwise added 30 uJ of a 50 mM phosphate buffer solution (pH 6.0) containing 100 u,g of bFGF, and the resultant 
disks were allowed to stand at 4*C for a whole day and night, to impregnate each gelatin gel with 100 u.g of bFGF, 
40 whereby bFGF-containing crosslinked gelatin gel preparations were obtained. 

(Example 6) 

[0050] A crosslinked gelatin gel having a water content of 63.1 % was obtained by immersing the cylindrical 
45 crosslinked gelatin gel having a water content of 80.0 %, obtained in the above Example 5, in a WSC aqueous solution 
(9.6 %, equivalent to 500 mM) for 24 hours. The so-obtained crosslinked gelatin gel having a water content of 63.1 % 
was cut into disks having a thickness of 2 mm, and dried. To the dry gel was dropwise added 30 u,l of a 50 mM phosphate 
buffer solution (pH 6.0) containing 100 u.g of bFGF, and the resultant disks were allowed to stand at 4°C for a whole 
day and night, to impregnate the gelatin gel with 100 u.g of bFGF, whereby bFGF-containing crosslinked gelatin gel 
so preparations were obtained. 

(Example 7) 

[0051] Crosslinked gelatin gels were obtained by carrying out crosslinking reactions in the same manner as in Ex- 
55 ample 5 except that WSC aqueous solutions having concentrations shown in Table 1 to be described later were added 
to gelatin aqueous solutions having concentrations shown in Table 1 . Table 1 shows the water contents of the so- 
obtained crosslinked gelatin gels. Each cylindrical gelatin gel as obtaind was cut into disks having a thickness of 2 mm, 
and dried. To each dry gel was dropwise added 30 \i\ of a 50 mM phosphate buffer solution (pH 6.0) containing 100 
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pg of bFGF, and the resultant disks were allowed to stand at 4°C for a whole day and night, to impregnate each gelatin 
gel with 1 00 pg of bFGF, whereby bFGF-containlng crosslinked gelatin gel preparations were obtained. 

(Example 8) 

5 

[0052] A crosslinked gelatin gel having a water content of 68.9 % was obtained by immersing the cylindrical 
crosslinked gelatin gel having a water content of 78.5 %, obtained in the above Example 7, in a WSC aqueous solution 
(9.6 %, equivalent to 500 mM) for 24 hours. The so-obtained crosslinked gelatin gel having a water content of 68.9 % 
was cut into disks having a thickness of 2 mm, and dried. To the dry gel was dropwise added 30 pi of a 50 mM phosphate 
10 buffer solution (pH 6.0) containing 100 pg of bFGF, and the resultant disks were allowed to stand at 4°C for a whole 
day and night, to impregnate the gelatin gel with 100 pg of bFGF, whereby bFGF-containing crosslinked gelatin gel 
preparations were obtained. 

(Example 9) 

15 

[0053] A 0.9-ml aqueous solution of alkali-treated gelatin having an isoelectric point of 4.9 (supplied by Nitta Gelatin 
Inc.) (5.6 %) was added to 250 ml of an olive oil, and the mixture was stirred at room temperature at a rate of 450 rpm 
to prepare a W/O emulsion. To this emulsion was added 0.1 ml of a WSC aqueous solution (1 6.4 %, equivalent to 856 
mM), and the mixture was continuously stirred for a whole day and night to crosslink the gefatln, whereby crosslinked 
20 gelatin gel particles were obtained. The so-obtained crosslinked gelatin get particles had an average particle diameter 
of 30 pm and had a water content of 96.0 %. The particles were dried, and then 1 0 mg of the dry particles were immersed 
in 30 uJ of a 50 mM phosphate buffer solution (pH 6.0) containing 100 pg of bFGF, and allowed to stand at 4°G for a 
whole day and night, to impregnate the gelatin gel particles with the bFGF, whereby bFGF-containing crosslinked 
gelatin gel particle preparations were obtained. 

25 

(Example 10) 

[0054] An olive oil in an amount of 250 ml was placed in a three-necked flask having a volume of 500 ml, and the 
flask was fixed together with a fixed stirrer motor (three one motor, supplied by Shinto Scientific Co., Ltd.) equipped 

30 with a stirring propeller of Teflon. Separately, 5 ml of an olive oil was taken and warmed up to 45°C, and 0.9 ml of an 
aqueous solution of alkali-treated gelatin having an isoelectric point of 4.9 (supplied by Nitta Gelatin Inc.) (1 1 .1 %) was 
added. The mixture was pre-emulsified with a homogenizer (Polytron PT-35) for 30 seconds. This p re-emulsified emul- 
sion was added to the olive oil which had been preliminarily stirred, to give a W/O emulsion. A WSC aqueous solution 
(27.0 %, equivalent to 1 s 424 mM) in an amount of 0.1 ml was added, and the mixture was continuously stirred for about 

35 15 hours to crosslink the gelatin. After the crosslinking reaction, 50 ml of acetone was added, and the mixture was 
stirred for 1 hour and then centrif ugally separated to recover crosslinked gelatin gel particles. The so-recovered gelatin 
gel particles were washed with acetone (centrifuge 3,000 rpm, operation for 5 minutes five times), and further, immersed 
in 2-propanol (to be referred to as IPA hereinafter) containing 0.004N HCI at37°Cfor 1 hour to terminate the crosslinking 
reaction under remaining WSC. After the termination of the reaction, these crosslinked particles were washed with IPA 

40 (centrifuge 3,000 rpm t operation for 5 minutes five times). Further, the crosslinked particles were washed with distilled 
water containing 0.1 % of Tween 80 (centrifuge 2,000 rpm, 5 minutes) once, washed with distilled water (centrifuge 
2,000 rpm, 5 minutes) twice, and lyophilized to give a dry powder of the crosslinked gelatin gel particles (average 
particle diameter 4 pm, water content 91 .0 %). 

[0055] 30 Microliters of a 1/15 M phosphate buffer solution containing 3.3 mg/ml of bFGF (pH 6) was dropwise added 
45 to 10 mg of the above-obtained crosslinked gelatin gel particles, and the particles were allowed to stand at 4°C for a 
whole day and night to impregnate the particles with the bFGF aqueous solution, whereby bFGF-containing crosslinked 
gelatin gel particle preparations were obtained. The so-obtained bFGF-containlng crosslinked gelatin gel particle prep- 
arations were lyophilized to give bFGF-containing dry crosslinked gelatin gel particle preparations. 

so (Example 11) 

[0056] 10 Microliters of a 20 mM citric acid buffer solution containing 8 mg/ml of bFGF (pH 5) was dropwise added 
to 2 mg of the dry crosslinked gelatin gel particles obtained in the above Exampie 10, and the partic)es were allowed 
to stand at 4°C for a whole day and night to impregnate the particles with the bFGF aqueous solution, whereby bFGF- 
55 containing crosslinked gelatin gel particle preparations were obtained. The so-obtained bFGF-containing crosslinked 
gelatin gel particle preparations were lyophilized to give bFGF-containing dry crosslinked gelatin get particle prepara- 
tions. 
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(Example 12) 

[0057] 200 Microliters of an aqueous solution containing 1 mg/ml of bFGF was added to 1 0 mg of the dry crosslinked 
gelatin gel particles obtained in the above Example 10, and the mixture was allowed to stand at room temperature for 
5 1 hour to allow the bFGF aqueous solution to be adsorbed into the particles, whereby bFGF-containing gelatin particle 
preparations were obtained. The so-obtained bFGF-containing crosslinked gelatin gel particle preparations were 
lyophilized to give bFGF-containing dry crosslinked gelatin gel particle preparations. 

(Example 13) 

10 

[0058] An olive oil in an amount of 375 ml was placed in a three- necked flask having a volume of 1 ,000 ml, and the 
flask was fixed together with a fixed stirrer motor (three one motor, supplied by Shinto Scientific Co., Ltd.) equipped 
with a stirring propeller of Teflon. While the olive oil was stirred at 30°C at a rate of 420 rpm, 10 ml of an aqueous 
solution of alkali-treated gelatin (10.0 %) having an isoelectric point of 4.9 was dropwise added to prepare a W/O 
15 emulsion. After the mixture was stirred for 1 0 minutes, the flask was cooled to 1 0 - 20°C, and the mixture was stirred 
for 30 minutes. After the mixture was cooled, 100 ml of acetone was added thereto, and the mixture was stirred for 1 
hour and then centrifugally separated to recover gelatin particles. The recovered gelatin particles were washed with 
acetone, and further washed with IPA to give non-crosslinked gelatin particles. The non-crosslinked gelatin particles 
were dried, and stored at 4°C. 

20 [0059] The dry non-crosslinked gelatin particles in an amount of 500 mg were suspended in 1 00 ml of an aqueous 
solution of glutaraldehyde (to be referred to as GA hereinafter) (0.05 %, equivalent to 5.0 mM) containing 0.1 % Tween 
80, and the suspension was moderately stirred at 4°C for 1 5 hours to cause a crosslinklng reaction. After the reaction, 
the crosslinked particles were centrifugally recovered, and washed with a 1 00 mM glycine aqueous solution containing 
0.1 % Tween 80 at 37°C for 1 hour to terminate the crosslinking reaction. After the reaction was terminated, the 

25 crosslinked particles were consecutively washed with a 0.1 % Tween 80 aqueous solution, with IPA and with a 0.1 % 
Tween 80 aqueous solution, washed with distilled water twice, and then lyophilized to give dry crosslinked gelatin gel 
particles (average particle diameter 40 u.m, water content 87.0 %). 

[0060] 30 Microliters of a 1/15 M phosphate buffer solution containing 3.3 mg/ml of bFGF (pH 6) was dropwise added 
to 1 0 mg of the above-obtained dry crosslinked gelatin gel particles, and the mixture was allowed to stand 4°C at for 
30 a whole day and night to impregnate the particles with the bFGF aqueous solution, whereby bFGF-containing 
crosslinked gelatin gel particle preparations were obtained. The so-obtained bFGF-containing crosslinked gelatin gel 
particles preparations were lyophilized to give bFGF-containing dry crosslinked gelatin gel particle preparations. 

(Example 14) 

35 

[0061] 10 Microliters of a 20 mM citric acid buffer solution containing 8 mg/ml of bFGF (pH 5) was dropwise added 
to 2 mg of the dry crosslinked gelatin gel particles obtained in Example 13, and the mixture was allowed to stand at 
4°C for a whole day and night to impregnate the particles with the bFGF aqueous solution, whereby bFGF-containing 
crosslinked gelatin gel particle preparations were obtained. The so-obtained bFGF-containing crosslinked gelatin gel 
40 particle preparations were lyophilized to give bFGF-containing dry crosslinked gelatin gel particle preparations. 

(Example 15) 

[0062] 200 Microliters of an aqueous solution containing 1 mg/ml of bFGF was added to 1 0 mg of the dry crosslinked 
45 gelatin gel particles obtained in Example 13 to form a suspension, and the suspension was allowed to stand at room 
temperature for 1 hour to allow the bFGF aqueous solution to be adsorbed into the particles, whereby bFGF-containing 
crosslinked gelatin gel particle preparations were obtained. The so-obtained bFGF-contalnlng crosslinked gelatin gel 
particle preparations were lyophilized to give bFGF-containing dry crosslinked gelatin gel particle preparations. 

so (Example 16) 

[0063] 20 Milliliters of an aqueous solution of alkali-treated gelatin having an isoelectric point of 4.9 (supplied by Nitta 
Gelatin Inc.) (10.0 %) was poured into a petri dish having a diameter of 10 cm and dried, and the resultant dry gelatin 
sheet was immersed in a WSC aqueous solution (0.04 %, equivalent to 2.0 mM) and maintained at 4°C for 24 hours 
55 to carry out a crosslinking reaction. After the reaction finished, the reaction mixture was treated in 0.004N HCI at 37°C 
for 1 hour to terminate the crosslinking reaction, and further washed with distilled water at 37°C for 12 hours to give a 
crosslinked gelatin gel. This gel was cut into disks having a size of 4 x 3 x 2 mm and dried under reduced pressure. 
The so-obtained gel had a water content of 87.0 %. 
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[0064J 1 0 Microliters of an aqueous solution containing 200 ng/ml of bFGF, or 1 0 uJ of an aqueous solution containing 
1 mg/ml of bFGF, was dropwise added to the above dry crosslinked gelatin gel, and the dry crosslinked gelatin gel was 
impregnated therewith at 4°C for 15 hours to give two kinds of bFGF-containing crosslinked gelatin gel preparations. 
[0065] Table 1 shows the prescriptions of the bFGF-containing crosslinked gelatin gel preparations and bFGF-con- 
5 taining crosslinked gelatin gel particle preparations obtained In the above Examples 1 to 1 6 and the water contents of 
the obtained crosslinked gelatin gels. 

[0066] In Table 1 , WSC and GA as crosslinking agents stand for t-ethyl-3-(3-dimethylaminopropyl)carbodiimide hy- 
drochloride and glutaraldehyde respectively. The concentrations % of gelatins and the crosslinking agents in the Table 
respectively show "w/v%', and the water content % stands for 0 w/w%". 
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(Test Example 1) 

[0067] The bFGF-containing crosslinked gelatin ge! preparation obtained in Example 1 was subcutaneously implant- 
ed in back portions of mice. Separately, as a control group, a crosslinked gelatin gel which contained no bFGF but was 

5 impregnated with 30 uJ of a 50 mM phosphate buffer solution containing no bFGF was subcutaneously implanted. 
Further, as another control group, 100 |il of a phosphate buffer solution containing 100 u.g of bFGF was subcutaneously 
administered. One week after the administration, mouse skins were peeled off to observe sites where the preparation 
had been implanted and the phosphate buffer solution had been administered. In the group of mice which had been 
administered with the bFGF-containing phosphate buffer solution, the state of tissue around the administration site 

to was the same as that of an untreated group, and no change was visually found. In the case where bFGF-containing 
crosslinked gelatin gel preparation had been implanted, the tissue around the preparation-implanted site was visually 
red, and a vascularization effect, one of the bFGF activities, was clearty found. In the group of mice which had been 
administered with the crosslinked gelatin gel containing no bFGF, the tissue around the implanted site was like that of 
the untreated group and showed no vascularization. 

15 [0068] The above results show the following. In the group of mice which are administered with a phosphate buffer 
solution containing bFGF, no pharmacological effect of bFGF is obtained. That is, when a bFGF aqueous solution is 
administered, the bFGF is rapidly degradated in a living tissue to lose its pharmacological effect. In contrast, when the 
bFGF-containing crosslinked gelatin gel preparation is used, the bFGF undergoes sustained release from the 
crosslinked gelatin gel as a carrier without being degradated In a living tissue, and can exhibit and retain Its pharma- 

20 cological effect. Further, it is seen that the crosslinked gelatin gel is excellent in suitability to a living body. 

(Test Example 2) 

[0069] The bFGF-containing crosslinked gelatin gel preparation obtained in Example 1 was subcutaneously implant- 

25 ed in mice, and the degree of vascularization around the implanted site was evaluated 1,3,7 and 14 days after the 
administration on the basis of a change in the amount of hemoglobin as an index. Separately, as control groups, the 
degree of vascularization was similarly evaluated concerning each of a group of mice in which a crosslinked gelatin 
gel containing no bFGF was subcutaneously implanted (bFGF (-) crosslinked gelatin gel administration group), a group 
of mice which were subcutaneously administered with a phosphate buffer solution containing 100 fig of bFGF by in- 

30 jection (bFGF (+) aqueous solution administration group) and a group of mice which were administered with a phos- 
phate buffer solution containing no bFGF by injection (bFGF (-) aqueous solution administration group). The neovas- 
cularization was evaluated as follows. Tissues below the skin of the preparation-implanted site or the injection-admin- 
istration site and on the nortal-muscular side were scraped off with a scalpel such that the scraped portion had a square 
form measuring 2 cm horizontally and vertically with the preparation-implanted site or the injection administration site 

35 as a center. These tissues were immersed in a 1 7 mM Tris-HCI buffer solution (pH 7.6) containing 0.75 % ammonium 
chloride, to extract hemoglobin. The hemoglobin was quantitatively determined by a cyanmethemoglobln method (He- 
moglobin - Test Wako, supplied by Wako Purechemical Co., Ltd.). The number of mice per group was five. Figs. 1 and 
2 show a time course of the hemoglobin amount in each group. The dotted line in each Figure shows the hemoglobin 
amount of the untreated group. The administration with 100 u.g of bFGF alone in a solution state did not cause any 

40 change in the hemoglobin amount around the tissue, and the hemoglobin amount was at the same level as that when 
the phosphate buffer solution containing no bFGF had been administered. This hemoglobin level was the same as that 
of the hemoglobin amount of the untreated group. However, when the crosslinked gelatin gel containing the same 
amount, 100 ng, of bFGF was implanted, the hemoglobin amount significantly increased from the third day from the 
implantation, onward, as compared with the group of mice to which 100 u.g of bFGF in a solution state had been 

45 administered. Further, this state continued up to the 7th day, and the hemoglobin amount decreased to the hemoglobin 
level of the untreated group on the 14th day. On the other hand, in the bFGF (-) crosslinked gelatin gel administration 
group, the hemoglobin amount was at the same level as that of the untreated group. 

(Test Example 3) 

50 

[0070] The bFGF-containing crosslinked gelatin gel preparations (water content 95.2 %) obtained in Example 3 were 
subcutaneously implanted in back portions of mice, and measured for remaining crosslinked gelatin gel weights on 
the 1st, 7th and 14 days from the administration, to evaluate the in vivo degradation of the gel. The crosslinked gelatin 
gel was degradated with the passage of time, and on the 14th day from the administration, the gel was completely 
55 degradated and absorbed into the tissue. Further, the degradation of the crosslinked gelatin gel containing no bFGF 
was the same as that of the bFGF-containing crosslinked gelatin gel, and no influence of the incorporation of bFGF 
on the degradation of the crosslinked gelatin gel was observed. Fig. 3 shows the results. It is presumably because the 
subcutaneous tissue adhered to the crosslinked gelatin gel when the crosslinked gelatin gel was recovered from the 
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subcutaneous sites of the mice that the remaining amounts were larger than those at the administration time, or over 
100 %, for several days after the administration. 

[0071] The bFGF-containing crosslinked gelatin gel preparation (water content 95.9 %) which showed a vasculari- 
zation effect in Example 1 exhibited similar decomposition behavior. 

5 

(Test Example 4) 

[0072] The crosslinked gelatin gel prepared in Example 4 was dried, and then immersed in a phosphate buffer solution 
(pH 6.0) containing 0, 2, 1 0, 30, 50, 1 00 or 290 u,g of bFGF to prepare a crosslinked gelatin gel preparation containing 

10 no bFGF and crosslinked gelatin gel preparations having the above concentrations of bFGF. These preparations were 
implanted in back portions of mice, and 7 days after the administration, hemoglobin amounts around the preparation- 
implanted sites were evaluated. Fig. 4 shows the results. The dotted line in Fig. 4 shows the hemoglobin level of an 
untreated group. As control groups, a phosphate buffer solution containing 0, 2, 10, 30, 50. 100 or 290 ng of bFGF 
was subcutaneousty administered to mice. When the bFGF solutions were administered, there was not observed any 

15 increase in the hemoglobin amount in any dosage, having nothing to do with their dosages. In contrast, according to 
the preparations of the present invention in which bFGF was contained in the crosslinked gelatin gel, a significant 
increase in the hemoglobin amount was observed, and the bFGF dosage of 10 ^ig/mouse or more showed its effect. 

(Test Example 5) 

20 

[0073] The bFGF-containing crosslinked gelatin gel preparations of crosslinked gelatin gels having various water 
contents, prepared in Examples 5 and 6, were subcutaneously implanted in back portions of mice, to study an influence 
of the water content of the crosslinked gelatin gel on the in vivo vascularization activity of bFGF. Figs. 5 and 6 show 
the results on the 7th day and 14 days after the preparations were implanted. As a control, separately, 100 uJ of a 

25 phosphate buffer solution (pH 7.4) containing 100 u.g of bFGF was subcutaneously administered. The dotted line in 
each Figure shows the hemoglobin amount of an untreated group. As shown in Figs. 5 and 6, on the 7th day after the 
preparations were implanted, the gel having any water content showed a hemoglobin amount of a significantly high 
value as compared with the administration with a bFGF aqueous solution. Further, the hemoglobin amount was de- 
pendent upon the water content of the crosslinked gelatin gel, and the hemoglobin amount increased with a decrease 

30 in the water content. On the other hand, on the 14th day after the preparations were implanted, only the preparations 
of the crosslinked gelatin gel having a water content of less than 90 % showed high hemoglobin amounts, while the 
preparations of the crosslinked gelatin gel having a water content higher than the above showed hemoglobin amounts 
which had decreased to the level of an untreated group. It is considered that when the water content is low, the de- 
composition of the crosslinked gelatin gel is slow and that on the 14th day, bFGF undergoes sustained release from 

35 the gel to exhibit its effect. 

(Test Example 6) 

[0074] The bFGF-containing crosslinked gelatin gel preparations of the crosslinked gelatin gels having water contents 
40 of 95.9 and 77.5 %, obtained in Example 5, were studied for their degradation in mouse subcutaneous portion. Fig. 7 
shows the results. The degradation was evaluated in the same manner as in Test Example 3. In both the gels having 
the above water contents, the decomposition proceeded with time. However, the degradation was dependent upon the 
water content, and the lower the water content is, the more difficult the decomposition is. 

45 (Test Example 7) 

[0075] The bFGF-containing crosslinked gelatin gel preparations obtained in Examples 7 and 8 were implanted In 
the back portions of mice to study an influence of the water content of the crosslinked gelatin gel on the in vivo encap- 
sulation activity of bFGF. The encapsulation activity of bFGF was studied as follows. Seven days after the preparations 

so were implanted, tissues below the skin of the preparation-implanted site and on the nortal-muscular side were scraped 
off with a scalpel such that the scraped portion had a square form measuring 2 cm horizontally and vertically with the 
preparation-implanted site as a center. These tissues were measured for a weight in a wet state, to evaluate the en- 
capsulation effect. Fig. 8 shows the results. The dotted line in Fig. 8 shows the level of an untreated group. As a result, 
it was found that the administration with bFGF contained in the crosslinked gelatin gel had an effect on the promotion 

55 of encapsulation of bFGF and that the portion around the preparation-implanted site was covered with an capsular 
layer. Further, the thickness of the capsular layer increased with a decrease in the water content of the crosslinked 
gelatin gel. In contrast, in the control group of mice which had been administered with 100 u.g of bFGF in an aqueous 
solution state, no encapsulation was found around the administration site. As described above, it has been also found 
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10 



that when the activity of bFGF is evaluated in terms of encapsulation activity, the activity of bFGF can be enhanced 
by including the bFGF in the crosslinked gelatin gel to convert it to a sustained release one. 

(Test Example 8) 

[0076) The bFGF-containing crosslinked gelatin gel particle preparation obtained in Example 9 was subcutaneously 
administered to the back portions of mice by injection. One week after the administration, the skins of the mice were 
peeled off to observe the degree of vascularization in the particle preparation-administration site. As a result, it was 
found that since the portion around the particle preparation-administration site was red, the vascularization occurred. 
As described above, it is seen that the present invention produces the effect of the present invention regardless of the 
form of the crosslinked gelatin gel which is a carrier for containing bFGF, i.e., even if the crosslinked gelatin gel has a 
spherical or particulate form having an injectable size. 
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(Test Example 9) 

[0077] The crosslinked gelatin gel particles (water content 87 %) obtained in Example 13, in an amount of 3.7 mg, 
were impregnated with 100 u.g of bFGF at 4°C for a whole day and night, and then suspended in a saline solution, and 
the suspension was injected into rat ilium. After 2 weeks, the ilium were taken out and measured for a bone mineral 
content fluctuation. The term "bone mineral content' is an index for measuring the degree of an Increase and a decrease 
of a bone, and specifically, it was measured with a bone-satt measuring apparatus (model DCS-600, supplied by Aioka 
Co. Ltd.). Further, a group of rats which were administered with an aqueous solution containing 100 u,g of bFGF by 
injection was used as a control group, and similarly measured for a bone mineral content fluctuation. As a result, the 
group of rats which had been administered with the crosslinked gelatin gel particle preparation showed an increase in 
the bone mineral content by 15.7 mg, while the control group of rats which had been administered with a bFGF-con- 
taining aqueous solution showed an increase by 7.1 mg. As compared with the control group, the group of rats which 
had been administered with the bFGF-containing crosslinked gelatin gel particles of the present invention showed a 
remarkable increase in the bone mineral content, and as compared with the aqueous solution preparation, the sustained 
release preparation formed of the crosslinked gelatin gel showed significant ossification activity. 

(Test Example 10) 

[0078] Leg portions of rats were cut open to expose bones, and the fibula were cut apart with bone scissors. The 
bFGF-containing crosslinked gelatin gel preparation obtained in Example 16 was implanted in the cut-apart portions, 
and the portion were sutured. After 3 weeks, the cut fibula of the rats were studied for increases in the bone mineral 
content and bone density. As a control, an aqueous solution containing bFGF in the same amount as that of the above 
preparation was administered to rats. Table 2 shows the results. 

Table 2 



bFGF dosage (^/preparation or aqueous solution) 



Bone mineral content (mg) 



Crosslinked gelatin gel preparation 



Aqueous solution 



0 
2 
10 



9.5 ±1.7 
14.4±2.i 
17.6 ±3.2 



9.4 ±1.7 
11.3 ±3.2 
12.0 ±3.1 



[0079] The results in the above Table 2 show that the bFGF crosslinked gelatin gel preparation of the present invention 
promoted a high increase In the bone mineral content as compared with the group of rats which had been administered 
with the bFGF aqueous solution. These data has shown that the crosslinked gelatin gel preparation of the present 
invention is useful for the therapy of fracture and osteoanagenesis since it undergoes sustained release from the gel 
to promote an increase in the bone mineral content. 

EFFECT OF THE INVENTION 

[0080] According to the present invention, bFGF-containing crosslinked gelatin gel preparations having different 
water contents, I.e., having different in vivo decomposition and absorption properties, can be prepared by changing 
the preparation conditions of the crosslinked gelatin gel which is a sustained release carrier. bFGF which undergoes 
sustained release from the crosslinked gelatin gel preparations of the present invention has physiological activities. 
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Further, the decomposition rate of the crosslinked gelatin gel is changed by changing the water content of the 
crosslinked gelatin gel which Is a sustained release carrier, and the sustained release time of bFGF can be changed. 
As a result, the persistency of in vivo activity expression of bFGF can be controlled. Further, the above effects of the 
present invention are exhibited regardless of the kind of gelatins and the form of the preparations. 



Claims 

1. A crosslinked gelatin gel preparation containing a basic fibroblast growth factor, characterized in that the 
crosslinked gelatin gel has a water content of 50 to 99 w/w%. 

2. The crosslinked gelatin gel preparation of claim 1 , wherein the basic fibroblast growth factor has an amino acid 
sequence shown by the following 3EQ ID No. 1 and/or SEQ ID No. 2. 

SEQ IDNo.:1 

Sequence characteristics: 

Sequence length: 154 amino acids 
Sequence type: amino acid 

Original source 

Organism: Homo sapiens 
Sequence 
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Ala Ala Gly Ser lie Thr Thr Leu Pro Ala Leu Pro Glu Asp Glv Gly 
15 10 15" 

Ser Gly Ala Phe Pro Pro Gly His Phe Lys Asp Pro Lys Arg Leu Tvr 
20 25 30 

Cys Lys Asn Gly Gly Phe Phe Leu Arg He His Pro Asp Gly Arg Yal 
35 40 45 

Asp Gly Val Arg Glu Lys Ser Asp Pro His He Lys Leu Gin Leu Gin 
50 55 60 

Ala Glu Glu Arg Gly Val Val Ser He Lys Gly Val Cys Ala Asn Arg 
65 70 75 80 

Tyr Leu Ala Met Lys Glu Asp Gly Arg Leu Leu Ala Ser Lys Cys Val 
85 90 95 

Thr Asp Glu Cys Phe Phe Phe Glu Arg Leu Glu Ser Asn Asn Tyr Asn 
100 105 110 

Thr Tyr Arg Ser Arg Lys Tyr Thr Ser Trp Tyr Val Ala Leu Lys Arg 
• 115 ~ 120 125 

Thr Gly Gin Tyr Lys Leu Gly Ser Lys Thr Gly Pro Gly Gin Lys Ala 
130 135 140 

He Leu Phe Leu Pro Met Ser Ala Lys Ser 
145 150 



SEQ ID No.:2 

Sequence characteristics: 

Sequence length: 153 amino acids 
Sequence type: amino acid 

Origincal source 

Organism: Homo sapiens 
Sequence 
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15 



20 



25 



Ala Gly Ser lie Thr Thr Leu Pro Ala Leu Pro Glu Asp Gly Gly Ser 
15 10 15 

Gly Ala Phe Pro Pro Gly His Phe Lys Asp Pro Lys Are Leu Tyr Cys 
20 25 30 

Lys Asn Gly Gly Phe Phe Leu Arg lie His Pro Asp Gly Arg Val Asp 
35 40 45 

Gly Val Arg Glu Lys Ser Asp Pro His lie Lys Leu Gin Leu Gin Ala 
50 55 60 

Glu Glu Arg Gly Val Val Ser He Lys Gly Val Cys Ala Asn Arg Tyr 
65 70 75 80 

Leu Ala Met Lys Glu Asp Gly Arg Leu Leu Ala Ser Lys Cys Val Thr 
85 90 95 

Asp Glu Cys Phe Phe Phe Glu Arg Leu Glu Ser Asn Asn Tyr Asn Thr 
100 105 110 

Tyr Arg Ser Arg Lys Tyr Thr Ser Trp Tyr Val Ala Leu Lys Arg Thr 
115 120 125 

Gly Gin Tyr Lys Leu Gly Ser Lys Thr Gly Pro Gly Gin Lys Ala He 
30 130 135 140 

Leu Phe Leu Pro Met Ser Ala Lys Ser 
145 150 

35 

3. The crosslinked gelatin gel preparation of claim 1 , wherein a crossHnklng agent for the gelatin is glutaraldehyde 
or water-soluble carbodiimide. 

4. The crosslinked gelatin gel preparation of claim 3, wherein the water-soluble carbodiimide is selected from the 
40 group consisting of 1 -ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride and 1 -cyclohexyl-3-(2-morpholi- 

noethyl)carbodiimide-metho-p-to!uenesuifonate. 

5. The crosslinked gelatin gel preparation of claim 3, wherein the crosslinking agent for the gelatin is glutaraldehyde 
or 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride. 

45 

6. The crosslinked gelatin gel preparation of claim 1 , wherein the crosslinked gelatin gel has a gelatin concentration 
of 1 to 1 00 w/v% and a crosslinking agent concentration of 0.01 to 100 w/v%. 

7. The crosslinked gelatin gel preparation of claim 1 , wherein the crosslinked gelatin gel has the form of a cylinder, 
50 a prism, a sheet, a disk, spheres or particles. 

8. The crosslinked gelatin gel preparation of claim 1 , wherein the basic fibroblast growth factor Is incorporated into 
the crosslinked gelatin gel by bringing an aqueous solution of the basic fibroblast growth factor into contact with 
the crosslinked gelatin gel to impregnate the crosslinked gelatin gel with the aqueous solution, or by suspending 

55 the crosslinked gelatin gel in an aqueous solution of the basic fibroblast growth factor. 

9. A dry crosslinked gelatin gel preparation obtained by drying the crosslinked gelatin gel preparation containing a 
basic fibroblast growth factor, recited in claim 1 . 
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10. A preparation for the therapy of bone diseases, containing the crosslinked gelatin gel preparation of any one of 
claims 1 to 9. 



PatentansprUche 

1 . Gelzubereitung aus vemetzter Gelatine, die einen basischen Fibroblasten-Wachstumsfaktor enthalt, dadurch ge- 
kennzeichnet, dass das vernetzte Gelatinegel einen Wassergehalt von 50 bis 99 % (GewVGew.) hat. 

2. Gelzubereitung aus vernetzter Gelatine nach Anspruch 1 , wobei der basische Fibroblasten-Wachstumsfaktor eine 
Aminosauresequenz hat, die durch die folgende SEQ ID Nr. 1 und/oder SEQ ID Nr. 2 dargestellt ist. 

SEQ ID Nr.: 1 

Sequenzeigenschaften : 

Sequenzlange : 1 54 Aminosauren 
Sequenztyp : Aminosaure 

Originatherkunft 

Organismus : Homo sapiens 
Sequenz: 

Ala Ala Gly Ser He Thr Thr Leu Pro Ala Leu Pro Glu Asp Gly Gly Ser Gly Ala Phe Pro Pro 
15 10 15 20 

Gly His Phe Lys Asp Pro Lys Arg Leu Tyr Cys Lys Asn Gly Gly Phe Phe Leu Arg He His 
25 30 35 40 

Pro Asp Gly Arg Val Asp Gly Val Arg Glu Lys Ser Asp Pro His He Lys Leu Gin Leu Gin Ala 
45 50 55 60 65 

Glu Glu Arg Gly Val Val Ser He Lys Gly Val Cys Ala Asn Arg Tyr Leu Ala Met Lys Glu 
70 75 80 85 

Asp Gly Arg Leu Leu Ala Ser Lys Cys Val Thr Asp Glu Cys Phe Phe Phe Glu Arg Leu Glu 
90 95 100 105 

Ser Asn Asn Tyr Asn Thr Tyr Arg Ser Arg Lys Tyr Thr Ser Trp Tyr Val Ala Leu Lys Arg Thr 
110 115 ~ " 120 125 

Gly Gin Tyr Lys Leu Gly Ser Lys Thr Gly Pro Gly Gin Lys Ala He Leu Phe Leu Pro Met Ser 
130 135 140 145 150 

Ala Lys Ser 



SEQ ID Nr.: 2 

Sequenzeigenschaften : 

Sequenzlange : 153 Aminosauren 
Sequenztyp : Aminosaure 
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Originalherkunft : 

Organismus : Homo sapiens 
Sequenz: 



Ala Gly Ser He Thr Thr Leu Pro Ala Leu Pro Glu Asp Gly Gly Ser Gly Ala Phe Pro Pro Gly 
15 10 15 20 

10 His Phe Lys Asp Pro Lys Arg Leu Tyr Cys Lys Asn Gly Gly Phe Phe Leu Arg He His Pro 
25 30 35 40 
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Asp Gly Arg Val Asp Gly Val Arg Glu Lys Ser Asp Pro His lie Lys Leu Gin Leu Gin Ala 
45 50 55 60 

Glu Glu Arg Gly Val Val Ser He Lys Gly Val Cys Ala Asn Arg Tyr Leu Ala Met Lys Glu 
65 70 75 80 85 

20 Asp Gly Arg Leu Leu Ala Ser Lys Cys Val Thr Asp Glu Cys Phe Phe Phe Glu Arg Leu Glu 
90 95 100 105 

Ser Asn Asn Tyr Asn Thr Tyr Arg Ser Arg Lys Tyr Thr Ser Trp Tyr Val Ala Leu Lys Arg Thr 
110 115 120 125 

Gly Gin Tyr Lys Leu Gly Ser Lys Thr Gly Pro Gly Gin Lys Ala lie Leu Phe Leu Pro Met Ser 
130 135 140 145 150 

30 Ala Lys Ser 

3. Gelzubereitung aus vernetzter Gelatine nach Anspruch 1 , wobei ein Vemetzungsmittel fur die Gelatine Glutaral- 
dehyd Oder wasserlosliches Carfoodiimid ist. 

35 

4. Gelzubereitung aus vernetzter Gelatine nach Anspruch 3, wobel das wasserlosliche Carbodilmid aus der Gruppe 
ausgewahlt ist, die aus 1-Bhyl-3-(3-dimethylaminopropyl) carbodiimidhydrochlorid und 1-Cyclohexyl-3-(2-mor- 
pholinoethyi) carbidiimid-metho-p-toluolsulfonat besteht. 

40 5. Gelzubereitung aus vernetzter Gelatine nach Anspruch 3. wobei das Vemetzungsmittel fur die Gelatine Glutara- 
dehyd oder 1-Ethyl-3-(3-dimethylarninopropyl) carbodiimidhydrochlorid ist. 

6. Gelzubereitung aus vernetzter Gelatine nach Anspruch 1 , wobei das vemetzte Gelatinegel eine Gelatin ekonzen- 
tration von 1 bis 1 00 % (GewWol.) und eine Konzentration des Vernetzungsmittels von 0,01 bis 1 00 % (GewA/oL) 

45 hat. 

7. Gelzubereitung aus vernetzter Gelatine nach Anspruch 1 , wobei das vernetzte Gelatinegel die Form eines Zylin- 
ders. einer Saule, einer Foiie, einer Scheibe, von Kugeln oder Partikeln hat. 

50 8. Gelzubereitung aus vernetzter Gelatine nach Anspruch 1 , wobei der basische Fibroblasten-Wachstumsfaktor In 
das vemetzte Gelatinegel eingebracht wird, indem eine wassrige Losung des basischen Fibroblasten-Wachstums- 
faktors in Kontakt mit dem vernetzten Gelatinegel gebracht wird, urn das vernetzte Gelatinegel mit der wassrigen 
Losung zu tranken, oder indem das vemetzte Gelatinegel in efner wassrigen Losung des basischen Fibroblasten- 
Wachstumsfaktors suspendiert wird. 

55 

9. Trockene Gelzubereitung aus vernetzter Gelatine, die durch Trocknung der Gelzubereitung aus vernetzter Gelatine 
nach Anspruch 1 , die einen basischen Fibroblasten-Wachstumsfaktor enthalt, erhaften wird. 
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10. Zubereitung fur die Therapie von Knochenerkrankungen, enthaltend die Gelzubereitung aus vernetzter Gelatine 
nach einem der Anspruche 1 - 9. 

Revendlcatlons 

1 . Preparation de gel de gelatine reticulee contenant un facteur de croissance des f ibroblastes basique, caracterisee 
en ce que le gel de gelatine reliculee a une teneur en eau de 50 a 99 % masse/masse. 

2. Preparation de gel de gelatine reticulee selon la revendication 1 , dans laquelle le facteur de croissance des fibre- 
blastes basique a une sequence d'acides amines representee par SEQ ID N° 1 et/ou SEQ ID N° 2 comme suit. 

SEQ ID N° 1 

Caracteristiques de la sequence : 

Longueur de la sequence : 154 acides amines 
Type de sequence : acide amine 

Source originate 

Organisme : Homo sapiens 
Sequence 

Ala Ala Gly Ser He Thr Thr Leu Pro Ala Leu Pro Glu Asp Gly Gly 
5 10 15 

Ser Gly Ala Phe Pro Pro Gly His Phe Lys Asp Pro Lys Arg Leu Tyr 
* u 25 30 

Cys Lys Asn Gly Gly Phe Phe Leu Arg lie His Pro Asp Gly Arg Val 
oo 40 45 

Asp Gly val Arg Glu Lys Ser Asp Pro His He Lys Leu Gin Leu Gin 

55 50 

AU Glu Glu Arg Gly Val Val Ser He Lys G^ly Val Cys Ala Asn Arg 

Tyr Leu Ala Met Lys Glu Asp Gly Arg Leu Leu Ala Ser Lys Cys Val 
85 go 95 

Thr Asp Glu Cys Phe Phe Phe Glu Arg Leu Glu Ser Asn Asn Tyr Asn 

im 105 no 

Thr Tyr Arg Ser Arg Lys Tyr Thr Ser Trp Tyr Val Ala Leu Lys Arg 
115 120 125 

Thr Gly Gin Tyr Lys Leu Gly Ser Lys Thr Gly Pro Gly Gin Lys Ala 
uu 135 140 

He Leu Phe Leu Pro Met Ser Ala Lys Ser 
145 iso 
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SEQ ID N° 2 

Caracteristiques de la sequence : 

Longueur de la sequence : 153 acides amines 
Type de sequence : acide amine 

Source originate 

Organisme : Homo sapiens 
Sequence 



Ala Gly Ser He Thr Thr Leu Pro Ala Leu Pro Glu Asp Gly Gly Ser 

1 *5 10 15 

Gly Ala Phe Pro Pro Gly His Phe Lys Asp Pro Lys Arg Leu Tyr Cys 
20 25 30 

Lys Asn Gly Gly Phe Phe Leu Arg lie His Pro Asp Gly Arg Yal Asp 
3S 40 45 

Gly Yal Arg Glu Lys Ser Asp Pro His lie Lys Leu Gin Leu Gin Ala 
50 55 60 

Glu Glu Arg Gly Yal Yal Ser He Lys Gly Yal Cys Ala Asn Arg Tyr 
65 70 75 80 

Leu Ala Met Lys Glu Asp Gly Arg Leu Leu Ala Ser Lys Cys Yal Thr 
85 90 95 

Asp Glu Cys Phe Phe Phe Glu Arg Leu Glu Ser Asa Asa Tyr Asa Thr 
100 105 110 

Tyr Arg Ser Arg Lys Tyr Thr Ser Trp Tyr Yal Ala Leu Lys Arg Thr 
115 120 125 

Gly Gin Tyr Lys Leu Gly Ser Lys Thr Gly Pro Gly Gin Lys Ala He 
130 135 140 

Leu Phe Leu Pro Met Ser Ala Lys Ser 
145 150 



Preparation de gel de g6latine reticulee selon la revendication 1, dans laquelle Tagent de reticulation pour la ge- 
latine est le glutaraldehyde ou un carbodiimide soluble dans I'eau. 

Preparation de gel de gelatine reticulee selon la revendication 3, dans laquelle le carbodiimide soluble dans I'eau 
est choisi dans le groupe constitue par le chlorhydrate de 1-ethyI-3-(3-dimethylaminopropyl)-carbodiimide et le 
metho-p-toluenesulfonate de 1 -cyclohexyl-3-(2HnorphoIlnoethyl)carbodilmide. 

Preparation de gel de gelatine reticulee selon la revendication 3, dans laquelle I'agent de reticulation pour la ge- 
latine est le glutaraldehyde ou le chlorhydrate de 1-ethyl-3-(3-dimethylaminopropyl)c8rbodiimide. 

Preparation de gel de gelatine reticulee selon la revendication 1, dans laquelle le gel de gelatine reticulee a une 
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concentration en gelatine de 1 a 100 % masse/volume et une concentration en agent de relicufation de 0,01 a 100 
% masse/volume. 

7. Preparation de gel de gelatine reticulee selon la revendication 1 , dans laquelle le gel de gelatine reticulee a la 
5 forme d'un cylindre, d'un prlsme, tfune feuille, d'un disque, de spheres ou de particules. 

8. Preparation de gel de gelatine reticulee selon la revendication 1 , dans laquelle le facteur de croissance des fibro- 
blastes basique est incorpore dans le gel de gelatine reticulee par mise en contact d'une solution aqueuse du 
facteur de croissance des fibroblastes basique avec le gel de gelatine reticulee pour impregner le gel de gelatine 

10 reticutee par la solution aqueuse ou par mise en suspension du gel de gelatine reticulee dans une solution aqueuse 

du facteur de croissance des fibroblastes basique. 

9. Preparation de gel de gelatine reticulee sec obtenue en sechant la preparation de gel de gelatine reticulee con- 
tenant un facteur de croissance des fibroblastes basique selon la revendication 1 . 

15 

10. Preparation pour le traitement des maladies osseuses, contenant une preparation de gel de gelatine reticulee 
selon une quelconque des revendications 1 a 9. 
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Fig. 2 
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Fig. 3 
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Fig. 4 



I 

)bFGF-containing crosslinked gelatin gel 
)bFGF-containing aqueous solution 
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(** : p<0. 0 1) 
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Fig. 5 
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(** : p<0. 0 1) 
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Fig- 6 
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Fig. 7 
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Fig. 8 
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